High prevalence and mortality rates of cervical cancer create an imperative need to clarify the uniqueness of HPV (Human Papillomavirus) infection, which serves as the key causative factor in cervical malignancies. Understanding the immunological details and the microenvironment of the infection can be a useful tool for the development of novel therapeutic interventions. Chronic infection and progression to carcinogenesis are sustained by immortalization potential of HPV, evasion techniques, and alterations in the microenvironment of the lesion. Inside the lesion, Toll-like receptors expression becomes irregular; Langerhans cells fail to present the antigens efficiently, tumor-associated macrophages aggregate resulting in an unsuccessful immune response by the host. HPV products also downregulate the expression of microenvironment components which are necessary for naturalkiller cells response and antigen presentation to cytotoxic cells. Additionally HPV promotes T-helper cell 2 (Th2) and T-regulatory cell phenotypes and reduces Th1 phenotype, leading to suppression of cellular immunity and lesion progression to cancer. Humoral response after natural infection is inefficient, and neutralizing antibodies are not adequate in many women. Utilizing this knowledge, new endeavors, such as therapeutic vaccination, aim to stimulate cellular immune response against the virus and alter the milieu of the lesion.
Introduction
All sexually active individuals are liable to HPV infection during sexual intercourse. It is assessed that the risk of sexually active women to be infected sometime in their life is nearly 80% [1] . HPV infection alone is not adequate for the advancement to cervical cancer and other risk conditions such as smoking, prolonged oral contraception consumption, coinfections, and multiparity, immune-related diseases appear to lead the infection on the route of carcinogenesis [2] [3] [4] [5] . The vast majority (90%) of HPV infections are cleared by the patients' immune system in three-year followup, whereas from the 10% that become chronic only 1% result in cervical cancer. The infection is usually clinically silent with absence of common genital symptoms, but it can be manifested with a spectrum of lesions from genital warts to invasive cancer [6] . Suppression of host immunity, persistence of the infection, and integration of the virus into the host DNA help a low grade squamous intraepithelial lesion (LSIL) to step up to high grade squamous intraepithelial lesion (HSIL) and even to invasive carcinoma of the cervix [7] .
Materials and Methods
We scrutinized the current literature, using PubMed as our primary search database in order to explore the newest findings regarding specific aspects of HPV infection, including human immune response or immune tolerance and the route to carcinogenesis. Additionally, during our search, special consideration has been given to the established results of 2 Infectious Diseases in Obstetrics and Gynecology preventive vaccination and the cutting edge field of therapeutic vaccination.
Results and Discussion
3.1. The Virus, the Genes, and the Proteins. More than 180 types of human papillomaviruses are known, and more are presumed to exist [8] . About 40 types of HPV belong to the alpha genus and affect squamous epithelium of skin and mucosal epithelium of anogenital region, and 15 of them can lead to cervical cancer [9] . Among HPV types, HPV16 and HPV18 are accountable for approximately 70% of cervical cancers around the world. The virus is 52-55 nm in diameter, surrounded by a proteinaceous coat, which forms an icosahedral capsid. HPV DNA is double-stranded, with a molecular weight of 5 × 10
6 Da and length of 7900 base pairs, arranged in a circle [10] . HPV requires basal cells of the squamous epithelium, metaplastic cells of the squamocolumnar junction of the cervix, or rarely glandular cells of the endocervix in order to complete its life cycle [11] . Only basal cells are appropriate because coordination with the differentiation of keratinocytes is needed for successful virus multiplication. Initially viral DNA appears as an episome, not integrated in the host genetic material.
HPV genome consists of 8 open reading frames, 6 early genes (E1, E2, E4, E5, E6, and E7), and 2 late genes (L1, and L2), whose products vary from plain capsid proteins to immortalization tools, and a long control region (LCR). Early genes are expressed in the basal, suprabasal, and intermediate cells of the cervix, whereas the late genes, responsible for the capsid proteins, are activated in the apical strata. E1 prepares the viral genome to be replicated by the host replication machinery. E2 maintains the episomal form of the viral genome and organizes its transcription. E4 full potential is yet to be clarified. So far its expression is apparent throughout the epithelium. E4 facilitates viral replication and disrupts the cytoskeleton in order to facilitate the escape of the virions out of the differentiated cells. E5 protein, when present, modifies the function of growth factor receptors [12] . E6 and E7 are the major oncogenic tools in the viral genome. In low risk HPV types E6 and E7 appear inactive or weakly active. On the contrary the oncogenes in high risk type are transcribed as long as high risk HPV viruses integrate their DNA into the cellular DNA [13, 14] . E6 product binds mainly to tumor suppressor protein p53 and arrests the cell in the S phase of the cell cycle, hindering apoptosis and enhancing the transformation capability. E7 binds and inactivates tumor suppressor pRB resulting in tumorigenesis [14, 15] .
Mechanism of HPV Infection.
In vivo, the virus does not bind directly to the cells, but it requires contact with the basement membrane. This contact can be accomplished by microabrasions in the cervical surface which reveal the basement membrane. The most plausible receptor of the major capsid protein (L1) seems to be the tissue-specific heparin sulfate proteoglycan (HSPG) which belongs to the glycosaminoglycan family [16] [17] [18] . HSPG can be found on both basement membrane and basal cells. The transfer between basement membrane and basal cells of the stratified epithelium is yet to be clarified. In vitro studies suggest another candidate receptor, laminin-5, which resides on the extracellular matrix [19] . On the other hand, other studies suggest that HPV binds directly to the basal cells [20] . Additionally to the aforementioned L1 binding sites, the L2 (minor capsid protein) is also involved in the cell entry process. The current hypothesis suggests that the interaction between L1 and the primary cell receptor in vitro or HSPG in vivo promotes conformational changes on the virus's capsid. These changes reveal the N-terminus of L2 in the furin cleavage region, and they are speculated to reveal the binding site for the cell receptor [21] . Another outcome is the reduced affinity between the capsid and the HSPG and the subsequent transfer from the basement membrane to the keratinocyte [20] . The alpha6 integrin subunit has been suggested as the cell receptor but not prerequisite for the HPV cell infection [22] (Figure 1 ). As far as the uptake of the HPV is concerned, many patterns can be recognized depending on the HPV type. A common ground is the delayed kinetics of the process, which renders the virus susceptible to neutralization by antibodies [23] . The cell uses lysosome-associated membrane proteins to transfer the virus to the endosome where the uncoating of the virus begins about 12 h after the contact to the cell surface. L2 protein facilitates the escape from the endosome and the migration to the nucleus via the microtubule network, which is completed during the mitosis [24, 25] . L2 also disorganizes the nuclear domain 10, an accumulation of proteins which participate in transcriptional regulation, growth suppression, and apoptosis, probably in order to control cell cycle [26] .
The Perfect Site.
It is well known that the most vulnerable sites to tumorigenesis are where cell transformation occurs. Both cervix and anus belong to this category in contrast to vulva and vagina where no metaplasia occurs. The transformation zone (TZ) is the most common site of squamous intraepithelial lesion. Many researchers have tried to clarify the differences in the milieu and the immunosurveillance between the TZ and the exocervix. TZ is associated with a significant reduction in the density of Langerhans cells compared to the exocervix [27] . Additionally the expression of the immunosuppressive interleukin 10 (IL10) is more common in the TZ than in the exocervix [28] .
The Uniqueness of HPV Interaction with Host Immune
System. HPV viruses have a distinct capability to evade confrontation with human immune system. This important capability is achieved through three basic virus properties. Firstly, immune cells in the circulation cannot approach the virus easily since there is no viraemic phase. The initial infection is sited on the basement membrane whereas only Langerhans cells are abundant particularly in the apical layers of the mucosa. Secondly, HPV does not elicit major damage to the host cells, such as lysis of the infected cell, minimizing the inflammation and the subsequent signaling, allowing the virus to duplicate "silently" [29, 30] . The third evasion mechanism is the careful gene expression behavior of the virus. The expression of the oncogenes of the virus is kept at low levels throughout the initial life cycle, and highly immunogenic products, like L1, L2 capsid proteins, are synthesized only in superficial layers of the epithelium [31, 32] .
Innate Immunity versus HPV.
The innate immunity is the nonspecific part of the immune system. It is mediated by epithelial barrier, the complement system, and a variety of cells that phagocytose antigens and present them to other cells or destroy them. The immunosurveillance of squamous epithelium of the cervix is managed by Langerhans cells (LCs), immature dendritic cells. LCs, which are abundant in the skin and mucosa, are considered to take up and process antigens in order to present them to the B and Tcells, eliciting both innate and adaptive immunity against the virus [33] . As mentioned before, in transformation zone compared to the exocervix, significantly decreased numbers of LCs are observed. In SILs (squamous intraepithelial lesions), a small increase in the density of LCs is observed but their function appears deficient [27, 34] . Dendritic cells recognize special patterns on the pathogens utilizing their Toll-like receptors and use major histocompatibility complex (MHC) to present the antigens to the Tcells, sometimes assisted by inflammatory agents such as chemokines and cytokines. However, even in absence of lesions, Langerhans cells of the epidermis do not produce a sufficient T-cell response, compared to the dendritic cells of the dermis, due to the lack of appropriate costimulatory microenvironment. Consequently, Langerhans cells may be unable to elicit a successful immune response and become a part of the virus tolerance tactics. Accordingly, potential vaccines should avoid using LC as presenting agent without using costimuli [35] .
Toll-like receptors (TLRs) play a crucial role in innate immunity. They can be found on a variety of cells of innate immunity and recognize both endogenous and exogenous threats, specifically pathogen-associated molecular patterns (PAMP) and damage-associated molecular patterns (DAMP). The activation of TLRs elicits a proinflammatory expression profile which promotes innate immunity. The double stranded HPV DNA is recognized mainly by TLR 9, and a cascade of interferons (INF-, INF-, and INF-) is initiated [36] . TLRs and interferons pathways are targeted by HPV oncoproteins resulting in an aberrant expression pattern which contributes to the virus tenacity and carcinogenic potential [37] . The tumorigenic E6 and E7 genes in HPV 16 are responsible for the downregulation of TLR9, which is known to respond to DNA threats and evoke an innate immune reply [38] . Moreover, an increasing trend in TLR 3 expression, which usually recognizes RNA viruses, is observed in dysplastic epithelium [37] . Additionally INFand IL10 production appears disrupted in premalignant or malignant epithelium. INF-decreased expression is considered to be originated either from the methylation of INF-promoter or the direct downregulation by the HPV oncogenes [39, 40] . Although TLRs and cytokines signaling is not yet completely clarified, the upregulation of certain TLRs is considered to be an attractive target for new treatments for cervical cancer [41, 42] .
Macrophages are derived from monocytes and are situated in tissues. They belong to the phagocyte family and have a crucial part in both innate and initiating adaptive immune responses, by digesting pathogens and additionally stimulating lymphocytes and other immune cells. Certain proteins such as monocyte chemotactic protein-1 (MCP-1) and macrophage inflammatory protein (MIPa3) help the aggregation of macrophages. Both of these proteins appear downregulated directly or indirectly by HPV [43, 44] . Tumor environment observations have helped us see a different aspect of macrophage function. Accumulating evidence suggests that tumors are infiltrated by large amounts of macrophages which aggregate to the site due to the recognition of cancer cells as foreign cells [45] . Contrary to the predictable proinflammatory and antitumor functionality, macrophages inside the microenvironment of solid tumors can have a part in disease progression. Tumor associated macrophages (TAMs) promote cancer cell proliferation and migration, angiogenesis and restriction of immune defenses [46] . This can be explained by the identification of two distinct macrophage phenotypes: M1 proinflammatory and M2 immunomodulatory. M2 profile elicits an increased vascular endothelial growth factor (VEGF) and metalloprotease-9 in order to help in tissue repair, but when it is activated by tumor, it results in basement membrane disruption, tumor growth, and metastasis [45, 47, 48] . As cervical lesions progress, an increase in the number of macrophages is observed and M2 macrophages are the main population in HPV-associated tumors [49, 50] . M2 macrophages promote the differentiation of naïve T cells to T-regulatory cells through IL10 and consequently tumor expansion [50, 51] . Depletion of TAM can be considered as a possible target of immunotherapy.
Another important part of innate immune response against viral attack is attributed to natural killer cells (NK cells). NK cells are lymphocytes which respond quickly to stressed cells, either under viral attack or cancerous ones, without the need of major histocompatibility system (MHC).
It was recently observed that in HSILs and cervical cancer by HPV16, the NK-activating receptors NKp30 and NKp45 (and NKG2D only in cancer) are considerably decreased, affecting the cytolytic functionality [52] .
Adaptive Immunity versus HPV. Adaptive immunity, the specific immune response against the pathogens, consists of B cells and T cells. B cells are responsible for the humoral immune response and T cells, which are divided in helper T cells, cytotoxic T cells (CTLs), and regulatory T cells (Tregs), are responsible for a variety of functions.
T-helper cells, distinguishable due to the CD4 protein on their surface, set the cytokine milieu, determining the direction of the immune response. The conditions under which the mature, but immunologically virgin, T-helper lymphocytes are activated determine their phenotype and result in two distinct populations, Th1 and Th2. This differentiation between Th1 and Th2 is determined by a variety of factors such as the type of the antigen presenting cell, the existence of costimulating signals, the amount, the structure, and the entry point of the antigen, the duration and the repetitiveness of the antigen exposure, the presence of adjuvants, and the local microenvironment of cytokines and hormones. Both IFN-and IL12 are required for the differentiation of Th0 (naïve lymphocyte) to Th1, which produces IFN-, lymphotoxin , and IL2 (and IL10, TNF-) and leads to the activation of cell mediated immunity. On the other hand for the Th2 phenotype, IL4 and IL2 are prerequisite, and the cytokine products consist of IL4, IL5, IL13, IL25, IL10, and amphiregulin, contributing to the development of humoral immune response [53, 54] . In general, after studying the unique pattern of T-cell response among women with different grades of cervical neoplasia, T-helper cells are suggested as the dominant response needed for an HPV lesion to be cleared [55] . The equilibrium between Th1 and Th2 must be sustained invariably in order to front intracellular or extracellular attacks. Nowadays, it is supported by a variety of studies that in HPV lesion the delicate balance between the two phenotypes is distorted. The HPV, as an intracellular enemy, should evoke Th1 immune response. However, it appears that in patients with intraepithelial and invasive cervical HPV lesions Th2 cytokine profile is prevalent. It is safe to note that reduced Th1 response and increased Th2 response lead to suppression of cellular immunity and lesion progression [56, 57] . IL2 and TNF-levels (both belong to the Th1 pattern) appear lower in HPV lesion than in healthy women [57, 58] . Although IL4 levels, characteristic Th2 product, seem to increase in LSIL, as the lesion progresses they decrease slightly. Overall, in HPV lesions both Th1 and Th2 phenotypes are suppressed, especially Th1, presumably due to the activity of the Treg cells.
The expression of CD8 glycoprotein on the surface of a T cell defines the cell as cytotoxic (CTL). CTL is the main agent in antigen specific immunity and recognizes the antigens with the assistance of MHC class I. Cell mediated immunity plays a pivotal role in clearance of HPV lesion. This is substantiated from the observation that HIV positive persons or patients who have undertaken chemotherapy after transplant, with a diminished T cell number, suffer from persistent HPV infections, either genital warts or intraepithelial lesions and cancer [59, 60] . The most T-cell activation is caused by HPV E6 and E7 proteins, and the destruction is assisted by the upregulation of adhesion molecules like ICAM-1, VCAM-1, and E-selectin in infected cells [61] . Nevertheless, HPV has developed defenses against cytotoxic cells. HPV E7 oncogene downregulates the expression of (antigen peptide transporter-1) TAP-1, which has an essential part in mounting MHC class I with the viral antigen, resulting in suppression in HPV's antigens presentation and offering HPV a great evasion tactic against human cellular defense [62, 63] . Additionally, it is noted that HPV16 E5 downregulates MHC/HLA class I [64] .
T-regulatory cells are a subset of T cells expressing CD4, CD25, and transcription factor Foxp3, that is normally necessary in the induction of tolerance, but its increase may hinder the immune response and suppress antitumor defense through inhibiting cytokines. Their activation, which is induced by TGF-and IL2, is considered as a poor prognostic for malignancy [65] [66] [67] . This Treg orchestrated suppression of immunity is still not completely clarified. It is presumed that Tregs reduce proliferation of T-helper and cytotoxic T cells. As for APCs, Tregs also distort their necessary protein expression of CD80 and CD86 and evoke the production of indoleamine 2.3-dioxygenase (IDO) by dendritic cells, which is an enzyme toxic to T-cell populations [68] . The role of TGF-is still controversial, but it is considered a suppressive factor as it evokes the expression of Foxp3 in CD4+ cells and differentiates them to iT reg cells (i = induced) [69, 70] . Other T reg products like carbon monoxide, galectins, Infectious Diseases in Obstetrics and Gynecology 5 and IL10 pleiotropic activity in the tumor microenvironment should be further examined [71] [72] [73] .
Recent studies have highlighted the part of Treg cell during the HPV infection. TGF-1 and TGF-2 levels are reported to increase as the lesion progresss from LSIL to invasive cervical cancer; in contrast IL12 and TNF-levels (classic Th1 pattern cytokines) drop significantly. IL10 is also rising as the disease deteriorates, especially in HSILs [57, 73] .
B-cells are responsible for humoral response, which neutralize and opsonize viral agents. Humoral immunity is stimulated by antigen presenting cells and Th2 cytokine pattern and depends on CD4 helper T cells that assist B cells to mature and produce antibodies against a specific epitope. The antibodies against HPV target mainly the L1 capsid protein although weak antibodies directing against E2, E6, E7, and L2 have been described. The vast majority of these antibodies are IgG1 class, a predictable response against viral antigens [74] . There are two types of neutralizing L1 antibodies. The first class hinders cell surface binding while the second class prevents binding to the basement membrane. Both appear to prevent the viral internalization either by direct binding or by blocking necessary conformational changes. Eight to nine months after natural infection, seroconversion and neutralizing antibodies can be estimated, but their levels are low and not apparent in all women [75] .
The L1 neutralizing antibodies that are produced by viruslike particles (VLP) of prophylactic vaccination belonging to the second class are greater than those created in natural infection, and their serum levels remain high in long-term studies [32] .
Therapeutic Vaccination:
A New Era Awaits. Preventive vaccination against high risk HPV types 16 and 18 is of widespread use. Current vaccines utilize structural proteins L1 and L2 on virus-like particles [76, 77] . However, due to high cost and requirement for special preservation conditions they are not suitable for third world countries that suffer the most from HPV related disease [78] . It is assessed that first significant outcome on morbidity and mortality rates due to prophylactic vaccination will be apparent in 20 years at least. This assessment creates an imperative need for novel therapeutic endeavors, which will utilize the recent breakthroughs in understanding the immunological details of the infection.
A number of therapeutic vaccines are now in clinical trials all over the world. In contrast to preventive vaccines, therapeutic ones target the oncogenetic proteins E6 and E7 which are continuously expressed in the cells throughout the HPV infection. Furthermore, the requirement of these genes in cellular transformations makes them necessary for the virus [76] . Additionally, the L1, L2 expression appears to fade in HPV infected cells in which genome integration by high risk types has occurred.
On contrary to the stimulation of the humoral immunity aimed by the prophylactic vaccines, the therapeutic vaccines develop cell mediated immunity in order to control the infection.
An approach is the use of viral or bacterial live vectors, like Listeria monocytogenes, adenovirus, and vaccinia virus, which are highly immunogenic and broadcast the antigens to many APCs for process, stimulating activation of both CD4+ and CD8+ cells through MHC II and MHC I, respectively [79] [80] [81] [82] [83] [84] [85] [86] .
Peptide/protein based vaccines are safer and easier to produce, but their extracellular nature evokes primarily a humoral response, and they need adjuvants, such as cytokines, TLR ligands, and chemokines, in order to become adequately immunogenic [87] [88] [89] [90] [91] .
Combination of both prophylactic and therapeutic vaccines is being developed, such as TA-CIN which contains a recombinant fusion protein incorporating HPV16 L2, E6, and E7 [92] .
Another appealing approach is utilizing nucleic acid, in form of naked DNA or RNA replicon, repeatedly administrated, though they also need immunogenic amplification. The major targets are to increase the population of available APC cells by electroporation or protein-mediated intercellular transportation, to improve antigen expression and presentation in APCs, and to prolong APCs life span enabling them to prime more T cells [93] [94] [95] [96] .
The most complicated method of therapeutic vaccination appears to be the administration of autologous dendritic cells loaded with HPV antigens and ex vivo altered tumor cells enhanced with immunostimulatory proteins' genes [97, 98] .
Combined venues with prime-boost regimens, such as subsequent vaccination, chemotherapeutic agents, like apigenin, and radiotherapy, have also been suggested [99] [100] [101] . The modulation of the formerly discussed tumor milieu, by targeting the Treg cells, is presumed as a hopeful perspective [102] .
Conclusions
HPV infection is considered an epidemic and can lead to lethal cancers. Prevalence of cervical cancer and high mortality rates, especially in developing countries, are alarming and require our immediate attention. The complete comprehension of the immunological aspects of HPV lesion microenvironment, including human immunity components, HPV evasion, and defense tactics, is a significant stepping stone in the development of new preventive and therapeutic options. Effective innate and adaptive immune responses are necessary in order to beat the virus despite its impressive evasion tactics. Particularly, the clearance of HPV infections depends on a powerful Th1 polarized cell mediated immune response, constriction of Treg branch of immunity, and a clearly stimulating cytokine milieu. This cell mediated response is the main perspective of the developing vaccines. On contrary to preventive vaccines, new, therapeutic ones are destined to meliorate existing lesions and, consequently, the impact upon HPV-associated malignancies prevalence.
